Ubiquitous Computing in the context of developing countries by Esseynew, eblewongel et al.
International Conference on Applied Internet and Information 
Technologies, 2016 
DOI:10.20544/AIIT2016.41
Ubiquitous Computing in the context of developing 
countries 
Seblewongel Esseynew1, Berhanyikun Amanuel1, Mekuria Sinke1, Abel Damtew1 
and Saso Koceski2 
1Addis Ababa University, Addis Ababa, Ethiopia 
Sebess2000@yahoo.com, {berhanyihun, meksin98, abel.damtew}@gmail.com 
2 University Goce Delcev- Stip, Faculty of Computer Science, 2000 Stip, Macedonia 
saso.koceski@ugd.edu.mk 
Abstract. Ubiquitous computing is an ultra-interdisciplinary field. Because of its 
capacity to affect every sphere of human life, it is endowed with a wide range of 
characteristics and features. This paper attempts to describe the more salient and 
diverse features of Pervasive Computing in an organized manner that appreciates 
the multi-disciplinary nature of the field. Five categories: Setup, design, 
architecture, deployment and operations; interface; security; engineering and 
socio-economic; are used to systematically outline the current characteristics of 
Ubiquitous computing. Sample applications from the field of Ubicomp are also 
discussed to illustrate some of the characteristics of pervasive computing. 
Moreover, we have also tried to highlight the challenges and opportunities for 
implementing Pervasive Computing in the context of developing countries.    . 
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1. Introduction
Historically, there have been three waves of computing: mainframe, desktop and 
ubiquitous computing [1, 2, 3]. In the mainframe computing era (60’s – 70’s), a single 
large computer was shared and used by many people simultaneously. Whereas, in the 
Desktop Computing era (80’s – 90’s), a personal computer was mainly possessed and 
utilized by one person at a time. Currently, we are living in ubiquitous computing era, 
which is characterized by a single user’s simultaneous engagement with multiple 
invisible computing devices. These devices, which can be found in the individual’s 
surrounding, are systematically integrated into everyday objects. Hence, facilitating the 
ubiquitous accessibility of information and computing functions.    
Ubiquitous computing, as originally envisioned by Weiser in [4], can be defined as a 
computing technology in which the power of computer is embedded in everyday objects 
which have the ability to serve and address human needs and wants. Ubiquitous 
computing can address all spheres of human being life [5] and makes human life easy 
and intelligent by using it [3]. Mobile phones are fundamentally altering our 
relationship with physical space, while multitude of sensors are digitizing the physical 
environment. 
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Context aware systems are being employed in education, health care, agriculture, 
supply chain management, marketing, etc.  
Ubiquitous computing is an inter-disciplinary in every sense of the word. Because of 
its capacity to affect every sphere of human life, it is endowed with a wide range of 
characteristics and features.  A systematic discussion of these multifaceted features can 
help designers, system engineers, users, managers, policy makers etc., in enhancing 
their understanding of the potentials and limits of Ubicomp technologies. This paper 
attempts to describe the more salient features of Pervasive Computing in an organized 
manner that appreciates the multi-disciplinary nature of the field. Sample applications 
from the field of Ubicomp are also discussed to help illustrate some of the 
characteristics of Pervasive Computing. Moreover, we have also tried to highlight the 
challenges and opportunities of implementing Pervasive Computing in the context of 
developing countries. 
2. Features of Pervasive Computing
Pervasive computing, both as a socio-technical vision and its increasingly recurrent 
implementations, is more and more revealing its unique features that differentiate it 
from the ‘conventional’ computing paradigms. The features are never static; they 
change as a result of progresses in the technological and economic spheres. In addition, 
features are emerging as reactions to the interactions of the society to implementations 
of Ubiquitous computing. It is also noteworthy that, as the prevalence of pervasive 
computing increases so that “it should disappear as a niche topic in computing” [6]; the 
features may end up to be features of generic computing in the future. 
Pervasive computing is generally characterized by interconnected, context-aware, 
scaled and autonomous computing resources which seamlessly integrate into the 
environment. More specifically, the study has identified the following categories to 
delineate and organize some identified features of Pervasive Computing. 
2.1. Setup, Design, Architecture, Deployment and Operations 
Most pervasive systems are set up as diverse set of autonomic components (sensors 
and computing nodes) with energy autarky, making up networks with ad-hoc and 
dynamic topologies. They are particularly designed to handle mobility and 
interoperability which arises as a result of this setup.  In an   environment which is 
dynamic and volatile where networks, devices and software components fail [1]; they 
are also expected to be ‘available anytime and anywhere for long time’. This entails 
being fault tolerant, optimizing performance according to energy levels and the capacity 
to recover from unanticipated errors. Most notably, as per the prescription of Weiser’s; 
pervasive systems strive to be invisible. The ability to be hidden both physically and 
cognitively is one the most important features of Pervasive systems. Physically, 
Pervasive systems should blend with the existing environment often deploying hidden 
sensors and displays with scaled sizes fit for purpose. Cognitively, pervasive 
components and routines should be designed with the aim of not distracting the user in 
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her/his daily tasks. The user should seamlessly carry on daily tasks which are enabled 
by Ubicomp, without noticing the existence of the implemented technology.  
The physical invisibility characteristic makes it necessary for many Ubicomp 
components to be simple, and that can be easily be maintained and dispensed. 
Consequently, task-specific hardware is the more logical option for implementation of 
Ubicomp systems. The nascent phenomenon of IoT (Internet of things) is also expected 
to facilitate pervasive computing analogous with this choice [7]. Yet, perhaps given this 
preference for specialization of hardware it comes as a surprise that mobile phones have 
been the most significant devices which have contributed to the success of Pervasive 
Computing in recent times [7]. This and recent advances in 3D printing are shading new 
light on the paradox between task-specificity and adaptability. A near future realization 
may be a system which changes the nature and size of sensors according to context 
information. 
2.2. Interface 
Pervasive computing as a paradigm values the preciousness of user’s attention [8]. 
Hence, many UbiComp systems are designed to work with minimum human 
interaction. The aim for ‘calm technologies’, has led to the design of innovative 
interfaces which are multimodal and context-aware. Ubicomp systems can abstract 
interaction elements so that a particular task can be performed using a choice of UI 
elements (buttons, voice, gesture recognitions etc…) according to specific context for 
single or multiple users [1]. Furthermore, pervasive computing strives for natural 
interfaces which include interaction mechanisms that mimic users’ habitual interaction 
patterns with everyday objects. This has been achieved by using interfaces which utilize 
hepatic and tactile feedback.   
2.3. Security 
Pervasive computing amplifies the complexity of security and privacy issues that 
arise from the use of Information technologies. The ever expanding smart spaces, 
wearable technologies and associated social networks facilitate the perpetual 
accumulation of data about an individual [9].This would enable not only direct 
surveillance but the ability to infer about the habits of a person from patterns in 
contextual data. Pervasive computing extends the notion of privacy to include bodily 
and territorial privacy in addition to the communicational privacy introduced by IT [1]. 
The multiple sensors (including those which monitor health) have the capacity to reveal 
the physical state and ‘existential’ status of a subject.  
In aspects which are more oriented to security, the heterogeneous and autonomous 
nature of Ubicomp introduces new challenges as more and more critical business 
functions are being supported by Pervasive Computing. The need for unfamiliar 
systems to interoperate with each other brings to the front the aspect of ‘openness’ to be 
expected from these distributed systems; often in varying degree and according to 
specific context. In addition, pervasive computing is more characterized by security 
versus functionality issues. An autonomous pervasive component with diminishing 
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power can choose whether to encrypt data or follow a less secure protocol which 
preserves battery life. Similarly, a compromise is also necessary between pervasiveness 
and security. A component which prompts users for authentication or which ostensibly 
notifies users about security issues is more secure but degrades the ‘invisibility’ of a 
pervasive system. 
2.4. Engineering 
Abowd in [10] identified three main features of ubiquitous computing namely; 
transparent interfaces, the ability to modify behavior based on context and the capacity 
to capture live experiences for later recall. He proposed a new approach for the software 
engineering of UbiComp systems with the goal of incorporating these features. 
Loureiro et al. [11] also suggested the incorporation of new software engineering 
techniques comprising; Service oriented computing, component-based development, 
plug-in-based architectures, event-based systems, and dynamic software evolution, to 
cater for the unique demands of UbiComp.  
The notion that pervasive computing is more task oriented than device oriented [12] 
is illustrated by the setup where the concern shifts from, deploying a complete software 
component on a single device which dictates the physical positioning of the user, to 
partitioning of tasks on large number of devices in the ‘natural space’ of the user. A 
new paradigm of software engineering which abstracts the notion of process for 
deployment of ‘tasks’  on multiple hardware with capability for sharing and foraging is 
deemed necessary. Moreover, managing and testing strategies which can accommodate 
the issue of uncertainty should be part of this paradigm. 
2.5. Socio-Economic 
The impacts of Pervasive computing are also becoming visible in the social and 
economic realm. One of the effects is the blurring of the distinction between physical 
and virtual spaces. Ubicomp is merges the physical and digital space by appropriating 
digital characteristics to tangible objects [13]. This has given rise to economic models 
which depend on knowing the accurate and precise Spatial-Temporal relationship 
between humans and other objects. Services and terms which apply to them can be 
dependent on physical location and other contexts. They can also be proactively 
provided without an explicit demand from a human actor. Pervasive computing is also 
inspiring and enabling per-utility economic models. Analogous to cloud computing, 
Per-utility service models are making it possible for people to lease resource for the 
duration of task completion (also in a particular context). These types of models can 
only be realized by extensive pervasive computing infrastructures which often require 
coordination between diverse Ubicomp modules. This rises up the challenging issue of 
who pays for, manages and maintains the infrastructure.   
A recent socio-economic phenomenon, Pervasive Social Computing, has also 
spawned from Pervasive Computing. Pervasive technologies are motivating 
communities in voluntary groupware sensing endeavors. People in a social context use 
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pervasive technologies to augment their collective knowledge, experience and efforts in 
reaching collective goals [14]. Deciphering human intention, gleaning of meaning from 
social media data, etc., are the ultimate challenges for Pervasive Computing if they are 
to evolve to Pervasive Social computing as proposed by Mokhtar and Capra 2009 [15]. 
3. Pervasive Computing in Developing Countries
Before envisioning or implementing pervasive computing solutions in developing 
countries, we need to plan for the challenges we could ran into. These challenges 
include equipment failures, poor infrastructure, shortage of skilled professionals, power 
outages, cultural barriers, financial constraints, environmental aspects, and poor internet 
connection among other things [16, 17, 18]. For example, the problem of connectivity 
can make prefetching, caching, and archiving data more of an issue than in developed 
countries. According to Brewer et al. [16], although there are variations from one 
developing country to another, some of the challenges are easier to solve. Chaudhri et 
al. [19] and Prieto-Egido et al. [20] elected to use low tier mobile phone and low-cost 
digital microscope camera respectively to mitigate financial constraints. Using devices 
with integrated batteries are also good options for overcoming power outage related 
problems where there is no power backup [16, 19]. 
Most developing countries are affected by resource constraints which have 
contributed to the stagnation of technological progress. The automation of human 
activities (one of the features of Ubicomp) is negligible. In certain cases automation is 
dissuaded by the presence of cheap labor. Hence, a pervasive systems endeavor should 
consider and prioritize which tasks to automate. The fundamental assumption that, 
pervasive systems act like a middleware for the environment and information 
processing systems can be challenged if the environment is not ripe for integration due 
to lack of any electro-mechanical infrastructure. Where can we embed a sensor when 
there is no machine or structure? However, the absence of an existing infrastructure can 
be a blessing in disguise because it enables the bottom up implementation of Ubicomp 
components. There are few structures to dismantle or lace awkwardly with ubiquitous 
technology. However, pervasive computing must take the initiative in imposing itself in 
development projects by highlighting the advantages of imbedding components in the 
design of new infrastructure projects. In the absence of relatively high tech 
infrastructure pervasive systems can also be embedded in low tech tools and cultural 
artifacts. This process should entail making the embedded artifacts economically and 
culturally feasible.     
Finally, the prevalence of cheap labor in developing countries also provides 
challenges and opportunities for the adoption of Pervasive Computing. Group sensing 
and reporting projects which employ people who are given proper technical trainings 
can be implemented in small budget. Nevertheless, pushing some aspects of 
Information processing to the user can be challenging in the context of less tech-savvy 
and in some cases illiterate users. Hence, user interfaces which are either based on local 
languages or which transcend literacy requirements should be utilized. 
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4. Sample Review of Representative Applications
The following section reviews a sample of Ubicomp applications in the agricultural 
and health sector. 
4.1. U-Agriculture applications
A recent Beecham Research report entitled “Towards smart farming: Agriculture 
Embracing the IoT Vision” predicts that food production must increase by 70 percent in 
the year 2050 in order to meet our estimated world population of 9.6 billion people 
[21]. It also describes growing concern about farming in the future: climate change and 
limited arable land. So, there is a need to consider smart farming. Smart farming is a 
concept which is rapidly adapted by several agricultural activities. Offering high-
precision crop control, useful data collection, and automated farming techniques, there 
are clearly many advantages a networked farm has to offer. 
Various studies have tried to develop a mobile sensor application to assist farmers in 
monitoring environmental factors and crop status.  One such research is “An Intelligent 
Agent based Farming Mega Portal assisted by pervasive devices” by Emada Khan, 
College of Computer & Information Science, Imam University, Nigeria [22]. The paper 
designed a U-Farm mobile application framework which can help the farmers in 
monitoring their resources, farm environment and crops which indirectly help the 
farmers improve their harvest with the help of the sensing devices and generate reports 
and statistics. As a result the research described that effective use of pervasive devices 
has an impact in improving and increasing food production and minimize food waste.  
The paper presented the conceptual model and the system components that comprise 
the mobile application. The study aims to make mobile device gateway an integrated 
gateway which supports heterogeneous devices. In the proposed U-Agriculture system, 
the received sensing information was analyzed using Smartphone devices which 
generated keywords. The keywords are then sent to the knowledge expert system for 
analysis. This provides the benefits such as real-time monitoring, alerts and statistical 
analysis of crop conditions and environmental factors. 
Another example of U-agriculture was implemented in Egypt; A country well known 
for its agriculture [23]. However, the country faces a lot of challenges in the agricultural 
processes and productions of crops; including poor rangeland, diseases and pests which 
may destroy harvests, etc. To resolve such complex agricultural problems in the country 
Precision Farming (PF) is practiced. PF is the capability to perform farming activities 
efficiently and effectively by using sensing and communication technologies. To this 
end, potato was selected, since it is the most important vegetable crop in Egypt, to 
investigate a possible PF solution using Wireless Sensor Network (WSN) technology. 
The WSN can be used to test the suitability of the agricultural land, check nutrient 
availability, improve the storage of potato seed, prevent and/or detect early harmful 
diseases and so on. WSN was implemented in Lofar Agro project. The WSN data and 
statistics are sent to a field gateway then to the Lofar gateway via WiFi connection, then 
through a wired connection they sent to the Internet to Lofar server and a couple of 
other servers under XML format. Sensors placed at different locations in a crop field 
where the intended characteristics of the soil or atmosphere need to be captured. The 
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actuation is done based on the readings supplied by the sensors, upon exceeding a 
threshold; the system will generate automated alert messages on the console, upon 
which appropriate action can be taken. 
Another research in Tanzania was concerned with farmer’s use electronic market 
using pervasive devices. The article has revealed that the main challenges faced by 
farmers are lack of market information, lack of platform to share agriculture knowledge 
and absence of reliable market to sell crops [24]. Therefore, the objective was to show 
the use of SMS technology to enhance communication in agricultural value chains in 
Tanzania. The project worked closely with farmers, traders, silo managers and Ministry 
of Commerce officials to develop an electronic marketing system (EMS) based on text 
messaging. 
In a similar project implemented in Ethiopia, the interaction of users in rural area 
with remote data centers is increasing due to the proliferation of pervasive devices 
(PDAs, Cell phones, tablets, browsers). For example, Ethiopian Commodity Exchange 
(ECX) and Ministry of Agriculture (MoA) in collaboration have started the use of text 
messaging services to promote market communication and exchange between farmers 
and traders [25]. 
The rearing of animals is important for the economies of most African countries. 
Nevertheless, it is very challenging due to many problems such as; inefficiencies in 
information delivery, lack of an effective way to collect farm produce data, track 
medical expenditure on their livestock and others. A project in Kenya [26] attempted to 
address some of these problems using mobile technology through model development.  
The model known as M-Kulima was developed to implement mobile application in 
dairy farming. The proposed model can provide M – Agriculture services for different 
stakeholders in the dairy industry. The model offers an interaction platform between the 
farmer and other key stakeholders of the dairy industry. Farmers, milk buyers and 
veterinary doctors can use their mobile phones and communicate with the application 
server through the Internet using either data or SMS.   
M-Kulima consists of different hardware and software such as router, firewall,
mobile payment gateway, M-Kulima Application, M-Kulima Database server, M-
Kulima SMS server and also variety security mechanisms for the data, database and 
SMS. These components help to give diversity services for different stakeholders. 
4.2. Pervasive Health 
Pervasive health care can be defined as: “healthcare to anyone, anytime, and 
anywhere by removing locational, time and other restraints while increasing both the 
coverage and the quality of healthcare” [27] 
Recent developments in ICT  and emerging trends in health sector like the rise in 
non-communicable and chronic diseases have facilitated the application of ubiquitous 
computing in health services [28].These developments have also resulted in a  paradigm 
shift which  encouraged the move from doctor centric to patient centric health care 
system [29].The envisioning and implementation of pervasive health systems is a 
daunting task because, health care activities are complex in nature and they are 
characterized by multidimensional and multidirectional information exchanges from 
339
Esseynew et al. 
wide range of entities spanning from practitioners and health facilities to policy makers 
[30]. 
Pervasive health applications within hospital settings are usually concerned with 
increasing the effectiveness and efficiency of health care for in-patients by improving 
professional practices through novel technologies [31, 32]. Examples of pervasive 
health approaches which follow a patient centric health care system can be found in [33, 
34]. The project by Ghose et al. [33] named UbiHeld (Ubiquitous Healthcare for 
Elderly) uses mobile technology as its main data source for amassing physiological 
data, and complements monitoring (for cases where the users may not carry mobile 
phones; e.g. in cases of sleeping, toilet visits and TV viewing) using a depth sensor, 
Kinect, to detect movement in a way which preserves the privacy of the patients. 
Moreover, UbiHeld proposes the use of data from social networks in combination with 
data from sensors to accurately depict the health status of an elderly. A similar but 
scaled up monitoring of elderly people in their resident setting is provided by Hayes et 
al.  [35], the study used gait analysis to evaluate the health status of multiple individuals 
in one setting. A patient centric approach for a specific group is adopted by Cafazzo et 
al., 2012 [36]. A mobile app called bant, targeting the adolescent type 1 diabetes 
population was employed. The app uses a LifeScan glucometer with a Bluetooth 
adapter to measure blood glucose level. The result of the pilot study revealed the use of 
game-based designs, unique visualizations, and incentives increased daily average 
frequency of blood glucose measurements by 50%.  
The application of Pervasive health as a tool for effective management of health 
related resources is exemplified by Chaudhri et al. [19].They developed a low-cost 
mobile phone based sensing system called FoneAstra for monitoring national vaccine 
cold chains in Albania. FoneAstra includes an embedded microcontroller based on an 
ARM7 processor attached to a low tier mobile phone through its data port. Temperature 
sensors connected to the ARM7 processor’s I/O interfaces continuously measure the 
temperature inside cold rooms or refrigerators. FoneAstra reads sensor values at a 
specified rate set by SMS messages sent to the phone, compresses the data, and packs 
the result into an SMS message for the phone to send. The researchers claimed that the 
system successfully detected alarm conditions, power interruptions and also gave 
insights into the operational efficiency of equipment being used in the cold chain. 
A more holistic view of pervasive health is proposed by Wickramasinghe [28].  
Whereby, pervasive health is envisioned as a coordination of collective activities. The 
researchers posited that a comprehensive approach towards pervasive health which 
strives for universal access to a more efficient and effective service, should amass 
sensory information from Physician/Nurse, pharmacies, blood banks, clinics, 
administration etc., i.e. from all sources of health information related with the health 
sector. Moreover, financial, political, military, geological, law enforcement, 
infrastructure level, etc. information which is not directly associated with health 
activities but which can impact the health sector should also be augmented with health 
care operation data.  
Some of challenges and opportunities for pervasive health are expected to be 
different in the case of developing countries. Even though, the impact of cultural and 
socioeconomic factors on technology acceptance and use has often been understudied 
[37]; certain peculiar characteristics can be identified. The implementation of pervasive 
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health in developing countries can be influenced by some of the distinguishing trends 
where: 
1. Communicable diseases (and not chronic) are the main cause of health
challenges.
2. Practices like family care for the elderly in a home setting are more common
than in developed countries’ context.
3. Acute shortage of medical resources which can make certain risky pervasive
health practices acceptable given the dismal alternative of not getting any
service.
4. Maternal health care is very important.
5. Health education can have a significant impact. (For example sensor based
monitoring of environment and people’s habit after health awareness programs
could facilitate preventative health care.)
5. Conclusion and Recommendation
In this paper we have presented five categories; Setup, design, architecture, 
deployment and operations; interface; security; engineering and socio-economic , in 
which, identified characteristics of ubiquitous systems can be described. The categories 
do not provide pronounced demarcations in the classification of   these features. They 
are neither mutually exclusive nor exhaustive. Considering the universal aspects of 
pervasive computing aiming at such categories would most probably end up being 
futile. Despite these limitations the classification scheme can be used to organize the 
multiple concerns of different stakeholders. We also hope to encourage other works 
with the aim of providing a comprehensive framework which organizes features and 
components of Pervasive Computing that can guide in the; envisioning, designing , 
implementing and managing of such systems.  
The chosen sample pervasive applications discussed in the paper, more or less 
manifest most of the outlined features of ubiquitous systems. Projects from the 
agriculture and health sectors are increasingly being enabled using Ubicomp 
technologies. Furthermore, some of the Ubicomp projects are being deployed in 
developing countries. The unique aspects of developing countries present both 
challenges and opportunities. Equipment failures, poor infrastructure, shortage of 
skilled professionals, power outages, cultural barriers, financial constraints, 
environmental aspects, and poor internet connection are some of the identified 
challenges .The potential to incorporate pervasive technologies on the onset of 
infrastructure development was also identified as an opportunity. However, studies 
which comprehensively address the overall characteristics of pervasive computing in 
developing countries’ context are lacking. A discipline that distinguishes itself as being 
context-aware should also be more aware of the socio-technical settings in which its 
applications are going to be implemented, especially in the context of developing 
countries. 
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